G LUTAMATE IS THE major excitatory neurotransmitter in the brain and an important amino acid of the intermediate metabolism. Glutamate binds to ionotropic receptors (iGluRs) and metabotropic receptors (mGluRs). The iGluRs possess intrinsic cation-permeable channels and include N-methyl-d-aspartate (NMDA), kainate (KA), and ␣-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid (AMPA) receptors (1). The mGluRs are a distinct group within a G protein-coupled receptor superfamily and have been classified into three groups on the basis of sequence homology and coupling to second-messenger systems (2). Group I (mGluR1 and mGluR5 subunits) stimulates inositol phosphate metabolism and mobilization of intracellular Ca 2ϩ . Group II (mGluR2 and mGluR3) and group III (mGluR4 and mGluR6 -8) are negatively coupled to adenylate cyclase.
G LUTAMATE IS THE major excitatory neurotransmitter
in the brain and an important amino acid of the intermediate metabolism. Glutamate binds to ionotropic receptors (iGluRs) and metabotropic receptors (mGluRs). The iGluRs possess intrinsic cation-permeable channels and include N-methyl-d-aspartate (NMDA), kainate (KA), and ␣-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid (AMPA) receptors (1) . The mGluRs are a distinct group within a G protein-coupled receptor superfamily and have been classified into three groups on the basis of sequence homology and coupling to second-messenger systems (2) . Group I (mGluR1 and mGluR5 subunits) stimulates inositol phosphate metabolism and mobilization of intracellular Ca 2ϩ . Group II (mGluR2 and mGluR3) and group III (mGluR4 and mGluR6 -8) are negatively coupled to adenylate cyclase.
Excessive stimulation of glutamate receptors can be neurotoxic, a phenomenon known as excitotoxicity that causes neuronal damage (3) . Endogenous glutamate, by activating NMDA, AMPA, or mGluR1 receptors, may contribute to the acute brain damage after cerebral ischemia or traumatic brain injury and to chronic neurodegeneration in disorders such as Huntington's chorea, Alzheimer's disease, and Parkinson's disease (4) . Serum glutamate levels, which are normally about 100 m, increase in some pathologies such as migraine and amyotrophic lateral sclerosis (4) . Besides its role as a neurotransmitter modifying neuronal and glial excitability, glutamate regulates proliferation, differentiation, and cell death in the central nervous system (CNS) (4) . Activation of mGluRs can initiate neuroprotective mechanisms (5) as well as apoptotic events (6) .
Glutamate is an important signal molecule in the hypothalamus and has been implicated in critical neuroendocrine events such as puberty and sexual behavior (7) . The presence of different subtypes of glutamate receptors has been demonstrated in peripheral neural and nonneural tissues including the pituitary (3) . The NMDA receptor subunit 1 was found in all the cell types of the anterior pituitary except corticotropes (8) , whereas the subunit GluR1 of AMPA receptors was localized in gonadotropes (9) , and GluR2 and GluR3 were localized in lactotropes and somatotropes (10, 11) . The GluR6/7 subunit of KA receptors and group II mGluRs are present in the anterior pituitary, although the cell types expressing them have not been identified yet (12, 13) . Glutamate can access the anterior pituitary from the median eminence via long portal veins, from the posterior pituitary via the short portal vessels, and from peripheral blood. Glutamate is known to be involved in the regulation of prolactin (PRL) and LH secretion (14) .
In this study, we investigated the effect of glutamate on the viability of cultured anterior pituitary cells and determined the involvement of iGluRs and mGluRs in its effects. In the CNS, glutamate elicits many of its effects by activating nitric oxide (NO) synthase (NOS) (15) . NOS isoforms are present in the anterior pituitary (16 -18) where NO inhibits PRL secretion in a paracrine manner (19) . Because NO produces cytotoxic as well as cytoprotective events, we examined the participation of NO in the action of glutamate on anterior pituitary cells. In addition, in view of cAMP involvement in the control of apoptotic events (20) , we investigated the role of cAMP in glutamate effects. We also determined the effect of glutamate on PRL release from anterior pituitary cells and examined the involvement of cAMP and NO in this effect.
Materials and Methods Animals
Adult intact female Wistar rats weighing 200 -250 g were housed in a light-(12-h light, 12-h dark cycle) and temperature-controlled environment (20 -25 C) . Rats were fed laboratory chow and water ad libitum and were kept according to the National Institutes of Health Guide for the Care and Use of Laboratory Animals. Animals were killed by decapitation at random stages of the estrous cycle.
Drugs
Fetal bovine serum (FBS) was obtained from GenSa (Buenos Aires, Argentina).
, AMPA, and [ϩ]-␣-amino-3-hydroxy-benzeneacetic acid (3-HPG) were obtained from Tocris Cookson Inc. (Ballwin, MO). All terminal deoxynucleotidyl transferase-mediated deoxyuridine triphosphate nick-end labeling (TUNEL) reagents were obtained from Roche Molecular Biochemicals (Mannheim, Germany), and RT-PCR reactives were purchased from Invitrogen Corporation (Carlsbad, CA), unless otherwise specified. NMDA, KA, 6,7-dinitroquinoxaline-2,3(1H,4H)-dione (DNQX), dl-2-amino-5-phosphonovaleric acid (AP-5), glutamate (l-glutamic acid), N6, 2Ј-o-dibutyryladenosine 3Ј, 5Ј-cyclic monophosphate (dbcAMP), N-methyl-l-arginine (NMMA), digitonin, and all other media and supplements were obtained from Sigma Chemical Co. (St. Louis, MO). Dowex AG 50W-X8 resin was purchased from Bio-Rad Laboratories (Hercules, CA), and l-[
14 C]arginine (specific activity, 11.26 GBq/mmol) from Amersham Int. (Buckinghamshire, UK).
Anterior pituitary cell culture
Anterior pituitary glands (posterior pituitaries removed) were obtained within minutes after decapitation. The glands were washed several times with DMEM and cut into small fragments. Sliced fragments were dispersed enzymatically by successive incubations in DMEM supplemented with 3 mg/ml BSA, containing 2.5 mg/ml trypsin (type I from bovine pancreas), 1 mg/ml deoxyribonuclease II (type V from bovine spleen), and 1 mg/ml trypsin inhibitor (type II-S from soybean).
The cells were finally dispersed mechanically by extrusion through a Pasteur pipette in Krebs buffer without Ca 2ϩ and Mg 2ϩ . Dispersed cells were washed twice and suspended in DMEM supplemented with 10 l/ml MEM amino acids, 5.6 g/ml amphotericin B, 25 g/ml gentamicin, and 2 mm glutamine (DMEM-S). Cell viability as assessed by trypan blue exclusion was above 90%. Anterior pituitary cells were cultured for 72 h (37 C, 5% CO 2 -95% O 2 in air) in DMEM-S with 10% FBS. After the culture period, the medium was replaced with fresh DMEM-S with 1% FBS alone or plus test substances and incubated for 24 h. At the end of the incubation period, the cells were processed, and the media were aspirated and stored at Ϫ20 C until assayed for PRL determination.
Metabolic activity determination
The metabolic activity of viable cells was determined by the 3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide (MTT) assay. In brief, cells were washed twice and incubated for 4 h in 100 l Krebs buffer plus 50 g of MTT reagent dissolved in 10 l PBS at 37 C. The developed crystals were dissolved in 100 l of 0.04 n HCl in isopropanol, and the OD was read in a microplate spectrophotometer at a wavelength of 595 nm.
Microscopic determination of DNA fragmentation by TUNEL method
After the culture period, cells were fixed with 4% formaldehyde in PBS for 30 min and permeabilized by microwave irradiation (21) . DNA strand breaks were labeled with digoxigenin-deoxyuridine triphosphate using terminal deoxynucleotidyl transferase (0.18 U/l) according to the manufacturer's protocol (Roche Molecular Biochemicals). The incorporation of nucleotides into the 3Ј-OH end of damaged DNA was detected with an antidigoxigenin-fluorescein antibody and visualized in a fluorescence microscope (Axiophot; Carl Zeiss, Jena, Germany).
Immunofluorescent identification of anterior pituitary cells
Anterior pituitary cells were identified by indirect immunofluorescence staining. Cultured cells were fixed as described earlier and incubated with 10% normal donkey serum in PBS with 2% BSA for 30 min. Then the slides were incubated with primary antibodies (provided by the National Hormone and Pituitary Program, Torrance, CA) [guinea pig antirat PRL (NHPP-IC, 1:2500), guinea pig antirat GH (NHPP-IC, 1:2000), guinea pig antirat ␤-LH (NHPP-IC-2, 1:5000), guinea pig antirat ACTH (NHPP-IC-1, 1:400), and guinea pig antirat ␤-TSH (NHPP-IC, 1:500)] in PBS with 0.5% BSA, 1% blocking reagent, 1% normal sheep serum, and 1% normal donkey serum for 1 h. After rinsing, slides were incubated for 1 h with donkey antiguinea pig rhodamine-conjugated secondary antibody (Chemicon International Inc., Temecula, CA) at 1:200 dilution in the same buffer. Control slides were incubated with normal guinea pig serum instead of primary antibody.
Double immunofluorescent labeling of anterior pituitary cells
Cultured cells were fixed as described earlier and incubated with 5% normal sheep serum and 5% normal donkey serum in PBS for 1 h. Then the slides were incubated with rabbit antirat mGluR2/3 antibody (1:75), which was kindly donated by Dr. Robert Wenthold (National Institute on Deafness and Other Communication Disorders, National Institutes of Health, Bethesda, MD), and guinea pig antibodies against each pituitary hormone as described earlier in PBS with 0.5% normal sheep serum and 0.5% normal donkey serum for 1 h. The slides were rinsed and incubated with a mixture of secondary antibodies (sheep antirabbit fluoresceinconjugated 1:200 and donkey antiguinea pig rhodamine-conjugated 1:200) in PBS with 0.5% normal sheep serum and 0.5% normal donkey serum for 1 h. Control slides were incubated with normal rabbit serum and guinea pig serum instead of primary antibodies.
Caspase-3 activity assay
Anterior pituitary cells (3 ϫ 10 6 ) were homogenized in lysis buffer [50 mm Tris/HCl, pH 7.4; 1 mm EDTA; 10 mm EGTA; 40 m digitonin; and 1 mm phenylmethylsulfonylfluoride (Alexis Corporation, Lausen, Swit-zerland)] and centrifuged (14,000 rpm, 20 min). The supernatant was added to the reaction mixture (100 mm HEPES, pH 7.4; 1 mm EDTA; 10 mm dithiothreitol; 1 mm phenylmethylsulfonylfluoride; and 25 g of DEVD-PNA, a colorimetric substrate from Alexis Corporation) and incubated at 37 C for 120 min. The OD was measured in a microplate spectrophotometer at a wavelength of 415 nm. Protein concentration in aliquots of supernatant were determined by a colorimetric method (Protein assay; Bio-Rad Laboratories). Caspase activity was expressed as OD per nanogram of protein.
NOS activity determination
NOS activity was determined by conversion of l-[
14 C]arginine to l-[
14 C]citrulline, using a modification of the Bredt and Snyder method (15) . Briefly, cultured cells were incubated for 24 h in the presence of glutamate (1 mm). Then the cells were washed twice with Krebs buffer containing 20 mm HEPES (pH 7.4) and incubated in the same buffer with 0.1 Ci l-[U-
14 C]arginine. After a 30-min incubation at 37 C, the cells were washed in cold Krebs buffer containing 20 mm HEPES, 2 mm EDTA, 0.2 mm EGTA, and 2 mm N-nitro-l-arginine methyl ester hydrochloride and immediately sonicated in the same buffer. Aliquots of sonicate were applied to 1.5-ml columns of Dowex AG 50W-X8 in 20 mm HEPES (pH 7.4) loaded with 20 l of 100 mm l-citrulline. l-[
14 C]citrulline was eluted with 3 ml of distilled water, and the radioactivity was quantified by liquid scintillation spectrometry of the flow-through.
NOS RT-PCR
Total RNA from cultured anterior pituitary cells was extracted from tissues using TRIZOL (GibcoBRL, Gaithersburg, MD) according to the manufacturer's protocol. Five micrograms of total RNA were reverse transcribed with Superscript Rnase H Reverse Transcriptase (Invitrogen) in 20 l reaction, using 0.2 g of Oligo (dT) [12] [13] [14] [15] [16] [17] [18] as primer. cDNA amplification was performed with 1 l of cDNA as template in 50 l PCR reaction containing MgCl 2 , 0.2 mm of each deoxynucleotide triphosphate sense and antisense primers, and Taq DNA polymerase in the buffer provided by the manufacturer. Temperature cycles always had an initial denaturation at 94 C for 10 min and a final extension period of 7 min at 72 C. Inducible NOS (iNOS), neuronal NOS (nNOS), and ␤-actin primers were purchased from Transgenomics Inc. (Omaha, NE). Amplifications were performed with a UNO II thermocycler (Biometra, Göttingen, Germany). The number of cycles and the template input for PCR were determined empirically within the linear range of amplification.
Amplification of iNOS cDNA was performed with 1.5 mm MgCl 2 , 50 pmol of each primer, and 2.5 U of Taq DNA polymerase. Temperature cycles were 94 C, 58 C, and 72 C steps, 30 sec each. The primers for iNOS, the number of cycles, and the product size were as follows: sense, 5Ј-TAGAAACAACAGGAACCTACCA-3Ј; antisense, 5Ј-ACAGGGGT-GATGCTCCCGGACA-3Ј; 33 cycles; and 907 bp. Amplification of nNOS was performed with 2.5 mm MgCl 2 , 50 pmol of each primer, and 2.5 U of Taq DNA polymerase. Temperature cycles were 94 C, 66 C, and 72 C steps, 30 sec each. The primers for nNOS, number of cycles, and product size were as follows: sense, 5Ј-GAATACCAGCCTGATCCATGGAA-CACC-3Ј; antisense, 5Ј-TCCAGGAGGGTGTCCACCGCATGCC-3Ј; 32 cycles; and 599 bp. The primers for ␤-actin and product size were as follows: sense, 5Ј-ACCACAGCTGAGAGGGAAATCG-3Ј; antisense, 5Ј-AGAGGTCTTTACGGATGTCAACG-3Ј; and 281 bp.
Ten microliters of each reaction were analyzed on 1.5% agarose gels, stained with ethidium bromide, and visualized using UV light. RT-PCR products were analyzed quantitatively using SCION Image software (Scion Corporation, Frederick, MD). Results were normalized to the internal control ␤-actin. Values were expressed as relative increments of respective controls. Experiments always included non-reverse-transcribed RNA samples as negative controls.
PRL RIA
PRL was measured by a double-antibody RIA, with reagents provided by the National Hormone and Pituitary Program. Rat PRL-RP-3 was used as the standard, and NIDDK-anti-rPRL-S-9 was used as antiserum. Cross-reactivity with other pituitary hormones was negligible. The sensitivity of the assay was 0.1 ng/ml. The intra-and interassay coefficients of variation were less than 10%. Hormone concentration was expressed as nanograms per well.
Statistical analysis
Data were expressed as mean Ϯ sem and were analyzed by the Student's t test, one sample t test, one-way ANOVA followed by Student-Newman-Keuls multiple comparisons test, or two-way ANOVA with interaction terms. Differences with a P Ͻ 0.05 were considered statistically significant.
The experiments were performed at least twice. The number of apoptotic cells (identified by the TUNEL method) was analyzed in duplicate slides for each cell preparation from at least two independent experiments. Re- 
Results

Effect of glutamate on the metabolic activity of anterior pituitary cells
To study the effect of glutamate on anterior pituitary cell viability, we determined the metabolic activity of these cells by MTT assay. Glutamate at 1 mm or 10 mm concentrations significantly decreased the metabolic activity of viable anterior pituitary cells (Fig. 1A) .
To investigate which type of glutamate receptors was involved in the inhibitory effect of glutamate on the metabolic activity of anterior pituitary cells, we determined the effect of different agonists and antagonists of glutamate receptors. In the presence of EGLU, a group II mGluR antagonist, glutamate failed to decrease the metabolic activity of anterior pituitary cells (Fig. 1B) . On the contrary, AP-5 (NMDA antagonist), DNQX (KA-AMPA antagonist), and AIDA (group I mGluR antagonist) did not modify the effect of glutamate on metabolic activity (Fig. 1B) . LCCG-I, a specific group II mGluR agonist, decreased metabolic activity at all concentrations tested (Fig. 1C) . None of the other agonists, including iGluR agonists (NMDA, KA, and AMPA), group I mGluR agonist ([ϩ]-␣-amino-3-hydroxy-benzeneacetic acid), and group III mGluR agonist (L-AP4), modified the metabolic activity of anterior pituitary cells (Table 1) .
Effect of glutamate on apoptosis of anterior pituitary cells
To determine whether the decrease in metabolic activity induced by glutamate was produced by cell death, we determined the percentage of anterior pituitary apoptotic cells by the TUNEL method. Both glutamate (1 mm) and LCCG-I (0.75 mm) significantly increased the percentage of TUNELpositive total anterior pituitary cells ( Fig. 2A) , lactotropes (Fig. 2B) , and somatotropes (Fig. 2C) . A TUNEL-positive lactotrope and a somatotrope showing nuclear apoptotic morphology are shown in Fig. 3A . In addition, glutamate increased caspase-3 activity of anterior pituitary cells (control, 0.265 Ϯ 0.027 OD/ng protein; glutamate, 0.390 Ϯ 0.035 OD/ng protein; P Ͻ 0.05).
Localization of group II mGluR receptors in anterior pituitary
By double immunocytochemistry, we detected the presence of group II mGluR in lactotropes and somatotropes ( Fig.   3B ) but not in corticotropes, gonadotropes, and thyrotropes (data not shown).
Effect of glutamate on NOS activity and gene expression in anterior pituitary cells
Glutamate increased NOS activity as determined by l-[
14 C]arginine to l-[ 14 C]citrulline conversion in anterior pituitary cells (Fig. 4A) . Also, glutamate increased the expression of iNOS mRNA (Fig. 4B) but not nNOS in these cells (data not shown).
Role of NO and cAMP in the glutamate-induced apoptosis of anterior pituitary cells
Because glutamate increased NOS activity and iNOS expression, we examined whether NO is involved in the apoptotic effect of glutamate. NMMA (0.5 mm), a NOS inhibitor, failed per se to modify the percentage of TUNEL-positive anterior pituitary cells (Fig. 5A ) but potentiated glutamateinduced apoptosis in these cells (Fig. 5A) .
Because group II mGluR activation decreases cAMP levels (2), we investigated the effect of a cAMP analog, dbcAMP, on the apoptotic effect of glutamate. dbcAMP (1 mm) per se did not modify the percentage of TUNEL-positive anterior pituitary cells but significantly reduced glutamate-induced apoptosis in these cells (Fig. 5B) .
Effect of glutamate on PRL release from anterior pituitary cells
Glutamate and LCCG-I, at all tested concentrations, significantly decreased PRL release from anterior pituitary cells (Table 2). All the other glutamate receptor agonists studied failed to modify PRL release, except KA, which increased it (Table 2) . NMMA failed to modify basal PRL release and the inhibitory effect of glutamate on this release (Fig. 6A) . dbcAMP did not modify basal PRL release but completely reversed the inhibitory effect of glutamate on PRL release (Fig. 6B ). Glutamate has a dual effect on cell viability in the CNS. Low concentrations of glutamate exert trophic effects and promote neuronal survival and synapse formation, whereas high concentrations are neurotoxic (22) . Glutamate neurotoxicity is mediated by calcium signaling (23) and depends on the animal species, developmental stage of the animal, type of agonist, duration of exposure to the agonist, and the cellular expression of the GluR subtypes (23) . When the stress is severe, it leads to necrotic cell death, but when it is less severe, apoptosis may be the consequence (23) .
Discussion
Almost every glutamate receptor subtype has been implicated in mediating excitotoxic cell death (24) . Different receptor subtypes regulate different cascades of signal transduction leading to apoptosis (25) (26) (27) . Stimulation of mGluR may initiate both neuroprotective and neurotoxic events in the CNS (5, 6) . Activation of group II mGluR has been shown to be either protective (28 -32) or ineffective (5). On the other hand, recent reports indicate that group II mGluR agonists are cytotoxic (33, 34) . The cytotoxic effects of glutamate have been restricted to the CNS, but the presence of glutamatergic receptors has recently been described in several peripheral tissues including the pituitary (3). Our present data show that glutamate exerts cytotoxic action on the anterior pituitary gland, suggesting that glutamate cytotoxicity can affect peripheral tissues and also brain tissues.
In this study, we show that the proapoptotic action of glutamate is exerted through group II mGluR because glutamate did not reduce cell viability in the presence of EGLU, a specific group II mGluR antagonist. Also, LCCG-I, a specific group II mGluR agonist, decreased the viability of anterior pituitary cells in culture.
Neither iGluR agonists (NMDA, AMPA, and KA) nor their antagonists nor the group I and III mGluR agonists (3-HPG and L-AP4) affected the viability of anterior pituitary cells, suggesting that the cytotoxic action of glutamate may be exerted mainly through activation of group II mGluRs. The lack of effect of the iGluR agonists on the metabolic activity of viable cells may not result from the absence of these receptors in the anterior pituitary gland. NMDA receptor subunit 1 was localized in all the cell types of the anterior pituitary, except in corticotropes (8) , and subunits of AMPA receptors were observed in gonadotropes, lactotropes, and somatotropes (9 -11) . Also, KA receptors were detected in unidentified cell types of the anterior pituitary (12) .
In the present work, we localized the mGluR2/3 subunit, specific of group II mGluRs, in lactotropes and somatotropes but not in corticotropes, thyrotropes, or gonadotropes. Both glutamate and LCCG-I induced apoptosis in lactotropes and somatotropes, indicating that the cytotoxic action of gluta- mate is mainly exerted on these cell types through activation of group II mGluR. Accordingly, with the absence of mGluR2/3 in corticotropes, it was reported that LY341495 (a mGluR2/3 receptor antagonist) has no effect on ACTH secretion from isolated mouse anterior pituitaries (35) . Johnson and Chamberlain (36) suggested that the activation of group II mGluR indirectly inhibits PRL secretion by stimulating tubero-infundibular dopaminergic neurons. The presence of mGluR2/3 in lactotropes is consistent with our functional data showing that LCCG-I decreases PRL release from the anterior pituitary gland after 4-(37) or 24-h incubation.
cAMP has been shown to play an important role in cell differentiation during embryo development (38) . High levels of cAMP suppress apoptosis in several cell types such as neutrophils, natural killers, and macrophages (39) . It has been reported that cAMP response element-binding protein and p53 participate in cell-protective mechanisms elicited by cAMP analogs (40) . Bcl-2, a promoter of cell survival, is one of the main targets regulated by cAMP response elementbinding protein (41) . In addition, cAMP could promote cell survival by activating other protective pathways (42) (43) (44) . We previously reported that LCCG-I reduces cAMP content in the anterior pituitary (37) . Our present results show that a cAMP analog reduces the apoptotic effect of glutamate, suggesting that group II mGluR activation triggers apoptotic events in the anterior pituitary via cAMP.
NO is a free radical gas synthesized from l-arginine by NOS that mediates several actions of glutamate in the CNS (15) . Activation of NMDA receptors results in an increase of NO via NOS-dependent pathways. However, activation of non-NMDA iGluRs or mGluRs may produce NO not only through the NOS-dependent pathways but also by a NOSindependent pathway resulting from the release of NO from endogenous deposits of nitrosothioles (45) . NO can either protect cells from apoptotic death or mediate apoptosis depending on the cell type and condition (46) . Long-term treatment of anterior pituitary cells with NO was reported to induce apoptosis, dependent on caspase-9 and caspase-3 (47) . Antiapoptotic NO effects have been shown in a variety of cells and seem to be independent of the apoptotic stimulus (48) . Several mechanisms, such as generation of ceramides, S-nytrosilation of caspases, and regulation of Bcl-2 and Bax expression, have been suggested to mediate cytoprotective actions of NO (48) . Our results show that glutamate increased NOS activity and iNOS gene expression in the anterior pituitary but failed to modify nNOS gene expression. The apoptotic effect of glutamate in anterior pituitary cells was higher in the presence of NMMA, a NOS inhibitor, suggesting that NO may protect cells from glutamateinduced apoptosis.
We previously demonstrated that 1 mm glutamate induces an increase in PRL release after 4-h incubation (37) . In this study, 1 mm glutamate decreased PRL release after 24 h, indicating that long exposure to glutamate induced inhibition of this hormone release in anterior pituitary cells.
Our previous results showed that LCCG-I decreased cAMP levels in anterior pituitary cells (38) , whereas our present data show that a cAMP analog reduces the inhibitory effect of glutamate on PRL release in these cells, thus suggesting that inhibition of adenylate cyclase activity could be involved in this effect of glutamate. We previously demonstrated that NO inhibits PRL release from the anterior pituitary gland (19) . Nevertheless, NOS inhibition did not modify the decrease of PRL release induced by glutamate, suggesting that NO may not mediate the inhibitory effect of glutamate on PRL release.
In summary, our data demonstrate the presence of group II mGluR in lactotropes and somatotropes and indicate that glutamate induces apoptosis through the activation of this receptor type probably via a decrease of cAMP synthesis. Because GluRs have a wide distribution in peripheral tissues, glutamate-like products that contaminate foods or are used as food additives could have a pathophysiological role in neural and nonneuronal tissues.
